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Current and future high-energy laser facilities 



Cooling options for 100J-class lasers
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Multi-slab amplifier Active mirror amplifier



Cr:YAG clad optimization for HiLASE 100J 
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Amplifier head design
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Pump laser diodes
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M. Sawicka et al. , JOSA B 29, no. 6, 1270-1276 (2012)



Laser diode: 50th anniversary
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Lasing in semiconductor diodes was first observed in 1962, only two years after 

the demonstration of a laser

Robert Hall at GE's Research 

Labs in Niskayuna, NY with the 

semiconductor (diode) laser 

around the time it was 

invented in early 1960s.



I) Test of laser-diode stacks from different vendors
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HiLASE team is currently performing in situ investigations of laser-

diode performance from various providers for their suitability to 

be used as pump sources in high repetition rate 2D arrays

- Output power

- Spectrum

- Near field/far field



2) Thermal resistance/optical quality measurements
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Cr:YAG (0.46 at.%)Yb:YAG (1.0 at.%)

Yb:YAG (1.0 at.%)
Reference sample

(same material)
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Molecularly bonded

RI2
Ta Tc
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In collaboration with:

Crytur

CEA-Grenoble

CTU-Prague

Cr:YAG (0.46 at.%)Yb:YAG (1.0 at.%)

25 mm 25 mm
laser
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Spectroscopic measurements allow to:

1) Verify the existence of impurities in Yb:YAG samples through search of 'anomalous' peaks

2) Record cross section profiles for energetics modeling of Yb:YAG amplifiers 

3) Temperature dependent absorption and emission

cross sections of Yb:YAG

In collaboration with IOQ-

Jena (J. Hein and J. Koerner)
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In collaboration with IOQ-

Jena (J. Hein and J. Koerner)
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3) Temperature dependent absorption and emission

cross sections of Yb:YAG

abs = 941 nm, ems = 1030 nm

Liquid nitrogen is used to cool Yb:YAG samples down to 80 K
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High resolution spectrometer at IoP

HORIBA (Yobin Yvon) spectrophotometer:

- Scanning spectrograph

- PMT image sensor

- Resolution: 6 pm@1100 nm

Monochromator

Photomultiplier

He cooling down to < 10 K will allow to 

determine the energy level splitting of Yb3+

Refrigerator

Sample

holder



Heat deposition in HiLASE slab amplifiers

13

Flow chart of the 3D model 

(Magda’s presentation)

Output of the model:

√ Stored energy 

√ Amplified Spontaneous Emission 

√ Heat depositionM. Sawicka et al. , JOSA B 29, no. 6,

1270-1276 (2012).



Thermal analysis of HiLASE slab amplifiers
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Temperature [K]

Stress-strain [MPa]

Depolarization loss

(after 64 passes)

Paper being submitted 

to PRA



Temperature distribution in HiLASE amplifiers 

Result of thermal modelling:

- Maximum surface ∆∆∆∆T < 0.9 K 
in the pumped area

- Maximum volume ∆∆∆∆T < 1 K 
in the gain medium
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Temperature distribution in HiLASE amplifiers 
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4 passes through two heads

(8 Yb:YAG slabs + 9 He gaps)

OPD < 3.5 λλλλ(P-V)
Less than 1.5 λλλλ after 

optimization



Wavefront aberrations in HiLASE amplifiers 
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Contribution of OPD due to nine 4-mm Helium gaps is 0.035 λλλλ

OPD = ∑ (n(He)-1)*dL 40 slices



Wavefront aberrations in HiLASE amplifiers 
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3D model includes:

- Aerodynamically-shaped vanes made of Invar

- He gas flow at 160 K 

- Optical surfaces – lambda/10 quality (in progress)

~ 1.5 million mesh elements



Wavefront aberrations in HiLASE amplifiers 
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- Halogen light bulb will deform the rectangular glass slabs (test area). Generated heat 

will reproduce the wavefront distortions expected in the 10 J laser;

- Closed-loop AO system with a DM mirror will be tested soon in our laboratory



Optical layout of HiLASE power amplifiers

10 J + one amplifier head 100 J system

Peak pump power/head: 2 x 5 kW/cm2

Slab size: 20 mm x 20 mm  (10J) + 

60 mm x 60 mm (100J)

Two amplifier heads 100 J system

Peak pump power/head: 2 x 5 kW/cm2

Slab size: 45 mm x 45 mm

20

2 ns

2 ns



21

Accumulated B-integral in dual head 100 J laser 
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Included:

- Wavefronts from 
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- Angular multiplexing

Next:

- Deformable mirror



Accumulated B-integral in 100 J laser systems 
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Not included yet for

both schemes:

- Wavefronts from 

optical surfaces

- Pinholes

- Angular multiplexing

- Deformable mirror



Summary of specifications for 100 J laser

23

10 J + 100 J 2 * 50 J

Slab size [mm3] 20x20x5 + 60x60x8 45x45x7

Volume [cm3] 238.4 226.8

Ep [J] 477 410

Fpeak [J/cm2]* 8.9 9.2

Eout [J]** 107 104  

Efficiency (o-o) 22.5 % 25.0 %

Bacc 3.1 3.8

N. optical components*** 3+3 SF, 3 PC, 4+2 P 3 SF, 1 PC, 2 P

* Last pass at MSF (Multipass Spatial Filter)

** Flat top shape

*** SF = Spatial filter ; PC = Pockels Cell ; P = Polarizer



SHG optimization with DKDP crystals
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Operating temperature 303 K

Temperature homogeneity 1 K

Volumetric heat 0.125 W/cm3

Number of slabs 1-3

Total thickness 30 mm

He/N2 flow 

Evaluation of the feasibility of

He/N2 gas flow is in progress
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HiLASE project timeline 

09/2011 Project start

10/2012 – 3/2014 Construction of new building

Q2/2014 Relocation from Prague

2011 – 2014 Research, development & installation of the laser systems

Milestone 1: 1-10 J, 10 Hz, 2-3 ns, 160 K 2013

Milestone 2: 100 J, 10 Hz, 2-3 ns, 160 K 2014

Q2/2015 Commissioning

09/2015 Operational phase



SDG
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PREPARATORY CONSTRUCTION 

WORK HAS STARTED IN JAN. 2012

HiLASE will be located south of Prague 

26 km from IoP Prague

20 km from Prague Int. Airport

Site area for HiLASE facility - 8 535 m2

AUG. 2012

Construction will start in 

October 2012
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HiLASE laboratory 

10 m 

Class 10,000 for 

100 J laser system

20 m 

RP1

(1 J,

1 KHz)

RP2

(100 J,

10 Hz)
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Epump

[J]

Eout

[J]

Effic

[%]

Fpeak (on element) 

[J/cm2]

Fpeak (in air) 

[J/cm2]

Fpeak (in element vs

dist.) [J/cm2]

Fpeak* (on reverser 

mirror) [J/cm2]

Acc B-

integral

[rad]

10J + 100J 
without wavefrotns,

without pinholes,

without angular multiplexing

flat pump

40

+

437

107 22.5
8.9

(last pass, input 

MSF)

8.9
28

(ejection mirror 

in MSF)

6.7 3.1

2 x 50 J
without wavefronts,

without pinholes,

without angular multiplexing

flat pump

410 104 25.0
9.2

(last pass, input 

MSF)

9.2
10

(ejection mirror 

in MSF)

3.34 3.8

2 x 50 J
with wavefronts,

with pinholes,

with angular multiplexing

supergauss pump

400 105.5 26.3
13.5 

(last pass, input 

MSF)

13.5
26 

(ejection mirror 

in MSF)

4.5 3.8

*possible location of Pockels cell, can be decreased at the cost of beam size

Summary of specifications for 100 J laser


